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(54) Scheme for adaptive control of transport layer connection In communications via radio and 
wire networks 



(57) A communication scheme lor Improving the 
performance of communications utilizing the transport 
layer connection provided via a radio network, by ena- 
bling a control of the transport layer connection accord- 
ing to the radio communication slate and property of the 
radio terminal, without changing implementation of the 
transport layer of a terminal connected to a wire net- 
work. The gateway device is provided with a control unit 



for controlling a connection in the radio transport layer 
protocol according an information regarding a radio 
communication state of the radio terminal device, where 
the information regarding the radio communication state 
of the radio terminal device is notified from either a radio 
base station device covering a radio service area in 
which the radio terminal device is located or a home lo- 
cation register for carrying out at least registration and 
management of the radio terminal device. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001 ] The present invention relates to a gateway de- 
vice, a radio base station device, a router device and a 
radio terminal device, which are to be used in radio com- 
munications utilizing the transport layer. 

DESCRIPTION OF THE BACKGROUND ART 

[0002] In recent years there are increasing demands 
for carrying out not just speech communications but also 
data communications by radio. TCP (Transmission Con- 
trol Protocol) is widely used as a reliable transport layer 
protocol in the wire data communications, but the direct 
application of this protocol to radio communications 
causes the following problems. 

[0003] A TCP segment loss in the wire communica- 
tions implies the congestion of a network so that TCP is 
designed to avoid the congestion by lowering a data 
transmission rate when the segment loss is detected. 
For this roason, tho TCP sogmcnt loss duo to a radio 
section error and a handoff will also be interpreted as 
the congestion so that the congestion avoidance oper- 
ations will be executed more than necessary and as a 
result the throughput will be lowered more than neces- 
sary. 

[0004] In order to resolve this problem, there Is a prop- 
osition to use the usual TCP in a wire network and the 
radio transport layer in a radio network and relay com- 
munications at a border between the wire network and 
the radio network. For example, "selective ack' is used 
for a high segment loss rate on the radio network side. 
Namely, this is a scheme for resolving the congestion 
problem in such a way that a data loss in the radio sec- 
tion is not regarded as the congestion and a re-trans- 
mission is carried out without lowering the transmission 
rate. 

[0005] Also, in TCP, when an idle connection state, i. 
e. , a state where no response comes from a terminal on 
one side and no response comes a terminal on the other 
side as well, is continued for two hours, a keep-alive 
packet will be transmitted by a server terminal In which 
a keep-alive option is set valid. If there is no response 
to this keep-alive packet which is an inspection packet, 
the transmission of this keep-alive packet will be contin- 
ued at 75 seconds interval, but when ten consecutive 
trials fail, it is judged that a terminal on the client side is 
inactive and the connection will be disconnected. 
[0006] As doscribod, in tho caso of carrying out com- 
munications between a radio terminal device accommo- 
dated in a radio network and a wire terminal device ac- 
commodated in a wire network, the radio terminal and 
a gateway device for relaying the transport layer proto- 
col cannot directly ascertain the radio communication 
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state of the radio terminal that terminates the transport 
layer connection, so that there has been a problem that 
it is impossible realize the adaptive control of the trans- 
port layer connection (such as a dynamic change of a 
s segment size) according to the radio communication 
state or property. 

SUMMARY OF THE INVENTION 

10 [0007] It is therefore an object of the present invention 
to provide a communication scheme for improving the 
performance of communications utilizing the transport 
layer connection provided via a radio network, by ena- 
bling a control of the transport layer connection accord- 
's ing to the radio communication state and property of the 
radio terminal, without changing implementation of the 
transport layer of a terminal connected to a wire net- 
work, so as to resolve the above described problems 
that arise when a reliable transport layer protocol is ap- 
20 plied to a radio network. 

[0008] Specifically, the present invention provides a 
gateway device, a radio base station device, a router 
device, and a radio terminal device for this communica- 
tion scheme. 

2S [0009] According to ono aspect of tho prosont invon- 
tion there is provided a gateway device, comprising: a 
conversion unit for bidirectional ly converting a first 
transport layer protocol used for communications within 
a radio network and a second transport layer protocol 

30 used for communications within a wire network, in a 
case of carrying out communications between a radio 
terminal device accommodated in the radio network and 
a wire terminal device accommodated in the wire net- 
work: and a control unit tor controlling a connection in 

35 the first transport layer protocol according an informa- 
tion regarding a radio communication state of the radio 
terminal device. 

[0010] According to another aspect of the present in- 
vention there is provided a router device, to be connect- 

40 ed with a plurality of radio base station devices for ac- 
commodating a radio terminal device located within ra- 
dio service areas and a wire network to which a wire 
terminal device is connected, for carrying out data trans- 
fer between the radio terminal device and the wire ter- 
minal device, the router device comprising: a corre- 
spondence setting unit for bidirectlonally converting a 
first transport layer protocol used lor radio communica- 
tions and a second transport layer protocol used lor wire 
communications in a case of carrying out communica- 

50 tions between the radio terminal device and the wire ter- 
minal device, and setting the radio terminal device in 
correspondence to one of a plurality of gateway devices 
for controlling a transport layer connection in tho radio 
communications according to a radio communication 

ss state of the radio terminal device; and a transfer unit for 
receiving a packet from one radio base station that con- 
tains at least identifier of the radio terminal device and 
an information regarding the radio communication state 
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of the radio terminal device that is located in a radio serv- 
ice area of said one radio base station, and transferring 
said packet to one gateway device that is set in corre- 
spondence to the radio terminal device by the corre- 
spondence setting unit. 

[001 1] According to another aspect of the present in- 
vention there Is provided a radio base station device, 
comprising, a processing unit for carrying out a base sta- 
tion processing necessary in accommodating a radio 
terminal device located in a radio service area; and a 
notification unit for notifying an information regarding a 
radio communication state of the radio terminal device 
located in the radio service area, to one of a router, a 
gateway, and a home location register. 
[001 2] According to another aspect of the present in- 
vention there is provided a radio terminal device accom- 
modated in a radio network, the radio terminal device 
comprising: an acquisition unit for acquiring an informa- 
tion regarding a radio communication state of the radio 
terminal device; and a disconnection unit for disconnect- 
ing a transport layer connection with a radio base sta- 
tion, when communications with the radio base station 
are not resumed within a prescribed period of time alter 
receiving the information regarding the radio communi- 
cation stato of tho radio terminal dovtco which contains 
a signal indicating that communication with the radio 
base station are interrupted. 

[001 3] According to another aspect of the present in- 
vention there is provided a radio terminal device accom- 
modated in a radio network, the radio terminal device 
comprising: an acquisition unit for acquiring an informa- 
tion regarding a radio communication state of the radio 
terminal device; a re-transmission timer for indicating a 
timing for a packet to be re-transmitted; and a unit for 
resetting the re-transmission timer and immediately re- 
transmitting said packet to be re-transmitted, upon re- 
ceiving the information regarding the radio communica- 
tion state of the radio terminal device which contains a 
signal indicating that communications with the radio ter- 
minal device are resumed. 

[0014] Other features and advantages of the present 
invention will become apparent from the following de- 
scription taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Fig. 1 is a schematic diagram showing an ex- 
emplary configuration of a network using communica- 
tion devices of the present invention. 
[001 6] Fig. 2 is a block diagram showing an exempla- 
ry configuration of a base station device according to 
tho first ombodimont of tho prosont invontion. 
[001 7] Fig. 3 is a block diagram showing an exempla- 
ry configuration of a router device according to the first 
embodiment of the present invention. 
[001 8] Fig. 4 is a block diagram showing an exempla- 
ry configuration of a gateway device according to the 



first embodiment of the present invention. 
[0019] Fig. S is a block diagram showing an exempla- 
ry configuration of a base station device according to 
the second embodiment of the present invention. 

5 [0020] Fig. 6 is a block diagram showing an exempla- 
ry configuration of a home location register according to 
the third embodiment of the present invention. 
[0021 ] Fig. 7 is a diagram showing an exemplary table 
content of a radio state information management table 

to in the home location register of Fig. 6. 

[0022] Fig. 8 is a block diagram showing an exempla- 
ry configuration of a radio terminal device according to 
the fifth embodiment of the present invention. 

is 0ETAJLED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Referring now to Fig. 1 to Fig. 4, the first em- 
bodiment of a communication scheme according to the 

20 present invention will be described in detail. 

[0024] Fig. 1 shows an exemplary configuration of a 
network using communication devices (gateway device, 
router device, base station device) of the present inven- 
tion. This network of Fig. 1 comprises a wire network 

2S 1101, wiro torminate 1 001 to 1 003 connoctod to tho wire 
network 1101. gateway devices 501 to 503. base station 
devices 1 401 to 1 406 covering radio service areas 1 701 
to 1706 respectively, radio terminal devices 1801 to 
1804 which carry out communications while moving 

3° through these radio service areas 1701 to 1706. and a 
router device 1301 for interconnecting the wire network 
1 1 01 . the gateway devices 50 1 to 503 and the base sta- 
tion devices 1401 to 1406. 

[0025] In the following, an exemplary case of trans* 

£5 ferring messages by using IP (Internet Protocol) packets 
and transferrhg data by using arbitrary transport layer 
protocol on the network of Fig. 1 win be described. 
[0026] Fig. 2 shows an exemplary configuration of a 
base station device 1400 that can be used for each one 

40 of the base station devices 1401-1406 of Fig. 1. 

[0027] This base station device 1400 of Fig. 2 com- 
prises a control unit 1500 having a signal strength 
change notification unit 1501, a BER (Bit Error Rate) 
change notification unit 1502 and a terminal movement 

45 control unit 1503; a radio transmission and reception 
unit 1600 having a receiver 1601 that contains a signal 
strength measurement unit 1604, a transmitter 1602. 
and a duptexer 1603 for enabling the receiver 1 601 and 
the transmitter 1 602 to commonly use an antenna 1 605; 

so a BER measurement unit 1606; an IP unit 210 having 
an IP input unit 211 and an IP output unit 212; and an 
IF (interface) unit 140 having an IF input unit 141 and 
an IF output unit 142. In Fig. 2. solid lines indicate data 
flows while dashed lines indicate control flows. 

55 [0026] The signal strength measurement unit 1604 
measures a received signal strength for each radio ter- 
minal device 1801-1804, and notifies the measured sig- 
nal strength regularly to the control unit 1500. 
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[0029] The BEfi measurement unit 1606 measures 
the BER of signals flowing from the receiver 1601 to the 
IF output unit 142 for each racfio terminal device 
1801-1804. and notifies the measured BER regularly to 
the control unit 1500. 

[0030] Note here that the received signal strength and 
the BER are just examples of information indicating a 
radio communication state between the radio terminal 
device and the radio base station device. 
[0031] The signal strength change notification unit 

1501 of the control unit 1500 gives a message to the IP 
output unit 212, where the message has the router de- 
vice 1301 as its destination and contains the received 
signal strength for each radio terminal device 
1801-1604 obtained by the signal strength measure- 
ment unit 1 604 and an identifier of a corresponding radio 
terminal device 1801-1804. 

[0032] Similarly, the BER change notification unit 

1502 of the control unit 1 500 gives a message to the IP 
output unit 212, where the message has Ihe router de- 
vice 1301 as its destination and contains the BER for 
each radio terminal device 1801-1804 obtained by the 
BER measurement unit 1606 and an identifier of a cor- 
responding radio terminal device 1801-1804. 

[0033] As an idontifior, an IP addross allocated to 
each radio terminal device 1801-1804 can be used, for 
example. 

[0034] For a message to be transferred to the router 
device 1301 through the IP output unit 212. anew ICMP 
(Internet Control Message Protocol) message may be 
defined. Namely, as an ICMP message for notifying an 
information indicating the radio communication state 
such as the received signal strength or the BER and the 
identifier of the radio terminal device, new type and code 
can be allocated and a format for information content 
(the received signal strength or the BER and the identi- 
fier of the radio terminal device) can be defined. This 
message may be notified from the base station device 
1400 to the router device 1 301 either regularly or only 
when the received signal strength or the BER exceeds 
a prescribed threshold. 

[0035] Fig. 3 shows an exemplary configuration of the 
router device 1301 of Fig. 1. This router device 1301 of 
Fig. 3 generally comprises a plurality (only two are 
shown in Fig. 3) of wire IF units 100, 110 which are con- 
nected with the wire network 1101 and the gateway de- 
vices 501-503 respectively; a plurality (only two are 
shown in Fig. 3) of radio IF units 120, 130 which are 
connected with the base station devices 1401-1406 re- 
spectively; and an IP unit 200. 

[0036] Each wire IF unit 100, 110 comprises a wire IF 
input unit 101, 111 and a wire IF output unit 102. 112. 
whilo each radio IF unit 120, 130 comprisos a radio IF 
input unit 121. 131 and a radio IF output unit 122. 132. 
[0037] The IP unit 200 comprises an IP input unit 201 
having a datagram filter 205, an IP output unit 202, an 
IP relay unit 203 storing a correspondence table 206. 
and a mobile control unit 204. 



[0038] The message (I CMP message for example) for 
notifying the radio communication state that is transmit- 
ted from the base station device reaches to Ihe IP input 
unit 201 via the radio IF input unit 121 or 131. Then, the 

s IP input unit 201 recognizes that this message is an IC- 
MP message for notifying the radio communication state 
(which can be identified by the type and code of ICMP) 
by using the datagram filter 205. Then, the IP input unit 
201 also recognizes that It is a message (IP datagram) 

10 to be transferred to one of the gateway devices 501 -503 
which is relaying the transport layer connection termi- 
nated at the radio terminal device as identified by the 
identifier contained in that message, and gives it to the 
IP relay unit 20a 

is [0039] The correspondence table 206 of the IP relay 
unit 203 indicates a correspondence between IP ad- 
dresses of the radio terminal devices 1801 -1804 and IP 
addresses of the gateway devices 501-503 which are 
relaying the transport layer connections terminated at 

£0 the radio terminal devices 1 801 -1804. 

[0040] This correspondence can be established as 
follows, for example. When the terminal movement con- 
trol unit 1503 of the base station device 1401-1406 no- 
tifies to the mobile control unit 204 of the router device 

25 1301 that tho radio terminal dovico 1801-1804 is nowfy 
discovered in one of the radio service areas 1 701 -1 706 
(including the case where the radio terminal device turns 
the power on there), the mobile control unit 204 sets that 
radio terminal device in correspondence to one of the 

30 gateway devices 501-503 according to a prescribed 
rule. 

[0041] Now, the IP relay unit 203 obtains the IP ad- 
dress of one of the gateway devices 501-503 that cor- 
responds to the IP address of the radio terminal device 

35 contained in that message, from the correspondence ta- 
ble 206. Then, the IP relay unit 203 writes this IP address 
of the gateway device into an IP header of that message 
as a new destination of that message, and gives this 
message to the IP output unit 202. 

40 [0042] The IP output unit 202 then transmits this mes- 
sage to one of the gateway devices 501 -503 via the wire 
IF output unit 102 or 112 that corresponds to the desti- 
nation of that message. 

[0043] Note that the destination of ihe message en- 
45 tered into the IP input unit 201 is an address of the router 
device 1 301 so that it should be given to the upper layer 
normally. Consequently, the above described process- 
ing al the IP relay unit 203 (the processing for specifying 
a gateway device that corresponds to the radio terminal 
so device of the identifier contained in that message by re- 
ferring to the correspondence table 206 and transferring 
that message to that identified gateway device) may be 
carriod out at tho uppor layor. Namory, it is possiblo to 
provide a function for processing that message in the 
55 upper layer and give that message to this function in- 
stead of the IP relay unit 203. 

[0044] Fig. 4 shows an exemplary configuration of a 
gateway device 500 that can be used for each one of 
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the gateway devices 501 -503 of Fig. 1 . 
[0045] This gateway device 500 of Fig. 4 generally 
comprises an IF unit 150. an IP unit 220. a TCP unit 300. 
a TCP relay unit 310 and a radio TCP unit 320. 
[0046] The IF unit 150 comprises an IF input unit 1 51 
and an IF output unit 152 which are connected to the 
router device 1301. 

[0047] The IP unit 220 comprises an IP input unit 221 
having a datagram filter 224, an IP output unit 222, an 
IP relay unit 223. and a radio communication state re* 
ceiving processing unit 225. 

[0048] The TCP unit 300 comprises a TCP input unit 
301 having a segment filter 303 and a TCP output unit 
302. 

[0049] The radio TCP unit 320 comprises a radio TCP 
input unit 321 having a segment filter 323. a radio TCP 
output unit 322. and a radio communication state adap- 
tation control unit 324. 

[0050] The TCP relay unit 31 0 comprises a convener 
311 for converting the radio transport layer protocol into 
the wire transport layer protocol, and a convener 312 
for converting the wire transport layer protocol into the 
radio transport layer protocol. 

[0051] The measage transferred from the router de- 
vice 1301 to tho gatoway dovico 500 roachos to tho IP 
input unit 221 through the IF input unit 151 of the gate- 
way device 500. 

[0052] The IP input unit 221 recognizes that the en- 
tered message is a message for notifying the radio com- 
munication state by using the datagram filter 224. and 
sends this message to the radio communication state 
receiving processing unit 225. 
[0053] The radb communication state receiving 
processing unit 225 extracts an identifier (IP address) 
of the radio terminal device and an information regard- 
ing the radio communication state (such as the received 
signal strength or the BER for example) contained in the 
message, and notifies them to the radio TCP unit 320. 
[0054] The radio communication state adaptation 
control unit 324 of the radio TCP unit 320 then adaptively 
changes the radio TCP operation according to that in- 
formation regarding the radio communication state. For 
example, the maximum size of a radio TCP segment to 
be transmitted is made smaller when the BER becomes 
higher than a prescribed threshold (or when the re- 
ceived signal strength becomes tower than a prescribed 
threshold), and the maximum size of a radio TCP seg- 
ment to be transmitted is made larger when the BER 
becomes lower than a prescribed threshold (or when the 
received signal strength becomes higher than a pre- 
scribed threshold). 

[0055] Such a transport layer connection control com- 
mand (a command for changing tho sizo of a TCP sog- 
ment, for example) is applied to the radio TCP output 
unit 322 such that each radio TCP segment that is sub- 
sequently transmitted from the converter 31 2 of the TCP 
relay unit 310 will have its size changed to the size de- 
termined by the radio communication state adaptation 



control unit 324 at a time of output from the radio TCP 
output unit 322. and transmitted to the base station de- 
vice through the IP output unit 222 and the IF output unit 
152. 

5 [0056] Referring now to Fig. 5, the second embodi- 
ment of a communication scheme according to the 
present invention will be described in detail. 
[0057] The first embodiment is directed to the case 
where the router device 1 301 sets the radio terminal de- 

io vice identified by the identifier contained in the message 
in correspondence to one of the plurality of gateway de- 
vices according to the message for notifying the radio 
communication state that is transmitted from one of the 
base station devices 1401-1406 to the router device 

is 1301 (the case of specifying a gateway device that is a 
transfer target of the message tor notifying the radio 
communication state). 

[0058] In contrast, this second embodiment is direct- 
ed to the case where the base station device 1401-1 406 

20 sets the radio terminal device in correspondence to one 
of the plurality of gateway devices. 
[0059] Fig. 5 shows an exemplary configuration of a 
base station device 1400 according to this second em- 
bodiment, that can be used for each one of the base 

2S stations 1401-1406 of Fig. 1. Hero, tho olemonts that 
are substantially the same as those of Fig. 2 are given 
the same reference numerals in Fig. 5 and only differ- 
ences from Fig. 2 will be described. Namely, the config- 
uration of Fig. 5 differs from that of Fig. 2 in that the con- 

30 trol unit 1500 has a correspondence table 1504. 

[0080] The correspondence table 1504 indicates a 
correspondence between IP addresses of the radio ter- 
minal devices 1801 -1804 and IP addresses of the gate- 
way devices 501-503 which are relaying the transport 

35 layer connections terminated at the radio terminal de- 
vices 1801-1804. 

[0061] This correspondence can be established as 
follows, for example. Here, it is assumed that the router 
device 1 301 already has this correspondence in the cor- 
40 respondence table 206 by the procedure described in 
the first embodiment. 

[0062] Then, when the terminal movement control 
unit 1503 of one of the base station devices 1401-1406 
notifies to the router device 1 30 1 a message for notifying 

45 that one of the radio terminal devices 1601-1804 is new- 
ly discovered, the mobile control unit 204 of the router 
device 1301 searches for an identifier (IP address) of 
one of the gateway devices 501 -503 that is relaying the 
transport layer connection terminated at the radio termi- 

so na! device as identified by the identifier (I P address) con- 
tained in that received message, by referring to the cor- 
respondence table 206. Then, the mobile control unit 
204 of tho router dovico 1 301 transmits a proscribed re- 
sponse message containing this searched out identifier 

ss of the gateway device to the base station device that 
transmitted the message for noting the discovery of the 
radio terminal device earlier. 

[0063] Then, at that base station device, the response 



6 



BNSDOCIO<EP 09O3908A2 ».> 



9 



BP 0 903 906 A2 



10 



message from the router device 1301 is received 
through the IF input unit 141 and the IP input unit 211, 
and the Identifier of the gateway device is extracted from 
that response message. Then, the terminal movement 
control unit 1 503 registers a correspondence between s 
that identifier of the gateway device and that radio ter- 
minal device in the correspondence table 1504. 
[0064] On the other hand, the signal strength change 
notification unit 1501 of the control unit 1500 generates 
a message containing the received signal strength for *o 
that radio terminal device obtained by the signal 
strength measurement unit 1604 and the identifier of 
that radio terminal device, and g rves this message to the 
IP output unit 212. At this point, the signal strength 
change notification unit 1 501 searches out the identifier '5 
(IP address) of the gateway device that corresponds to 
the identifier of that radio terminal device from the cor- 
respondence table 1504, and sets it as a destination of 
the generated message. 

[0085] Similarly, the BER change notification unit *o 
1 502 of the control unit 1 500 generates a message con- 
taining the BER for that radio terminal device obtained 
by the BER measurement unit 1606 and the kdentifierof 
that radio terminal device, and gives this message to the 
IP output unit 212. At this point, tho BER chango notifi- ss 
cation unit 1502 searches out the identifier (IP address) 
of the gateway device that corresponds to the identifier 
of that radio terminal device from the correspondence 
table 1 504. and sets it as a destination of the generated 
message. 30 
[0066] When such a message is transmitted to the 
router device 1301 through the IP output unit 212 and 
the IF output unit 142. the router device 1 301 handles it 
similarly as the usual IP packet by carrying out the rout- 
ing to one of the gateway devices 501 -503 that is spec- as 
rfied by the IP address contained in the IP packet. 
[0087] The operation of the gateway device 501 -503 
that received this message is the same as in the first 
embodiment described above. 

[0068] Referring now to Fig. 6 and Fig. 7, the third em- 40 
bodiment of a communication scheme according to the 
present invention will be described in detail. 
[0069] The first and second embodiments are direct- 
ed to the case where the gateway device 501 -503 car- 
ries out the radio TCP control by utilizing the message 45 
for notifying the radio communication state that is trans- 
mitted from the base station device 1401*1406 or the 
router device 1301. 

[0070] In contrast, this third embodiment is directed 
to the case of utilizing a home location register to be so 
provided in a radio network will be described. Here, it is 
assumed that the base station device has a configura- 
tion of Fig. 5 described above 

[0071] Fig. 6 6hows an exemplary configuration of the 
home location register 600, which comprises a control ss 
unit 601, a radio state Information management table 
602. and a transmission and reception unit 603. 
[0072] Fig. 7 shows an exemplary content of the radio 



state information management table 602 managed by 
the home location register 600 of Fig. 6. Namefy. the 
home location register 1303 manages a registered radio 
terminal and a base station that accommodates that ra- 
dio terminal, and an information on a radio communica- 
tion state between that radio terminal and that base sta- 
tion, using the table content as shown in Fig. 7 in the 
radio state information management table 602. 
[0073] The signal strength change notification unit 

1501 of the control unit 1500 in the radio base station 
1401-1406 generates a message containing the re- 
cerved signal strength for that radio terminal device ob- 
tained by the signal strength measurement unit 1604 
and the identifier of that radio terminal device, and gives 
this message to the IP output unit 212. At this point, the 
signal strength change notification unit 1501 searches 
out the identifier (IP address) of that radio terminal de- 
vice from the correspondence table 1 504 : and sets It as 
a part of data of the generated message. Abo, the ad- 
dress of the home location register 600 is set as a des- 
tination address of the generated message. 

[0074] Similarly, the BER change notification unit 

1502 of the control unit 1 500 generates a message con- 
taining the BER for that radio terminal device obtained 
by tho BER measurement unit 1606 and tho idontrfior of 
that radio terminal device, and gives this message to the 
IP output unit 212. At this point, the BER change notifi- 
cation unit 1502 searches out the identifier (IP address) 
of that radio terminal device from the correspondence 
table 1 504. and sets it as a part of data of the generated 
message. Also, the address of the home location regis- 
ter 600 is set as a destination address of the generated 
message. 

[0076] When such a message is transmitted to the 
router device 1301 through the IP output unit 212 and 
the IF output unit 142. the router device 1301 handles it 
similarly as the usual IP packet by carrying out the rout- 
ing to the home location register 600 that is specified by 
the IP address contained in the IP packet. 
[0076] When this message is received, the control 
unit 601 of the home location register 600 takes out the 
radio terminal identifier and the radio communication 
state information from that message, and add them to 
the radio state information management table 602. 
[0077] On the other hand, when a radio communica- 
tion notification request packet Is transmitted from the 
gateway device 50 1 -503 to the home location register 
600, the control unit 601 takes out the radio communi- 
cation state of the corresponding radio terminal from the 
radio state information management table 602, forms a 
packet containing that information, and transmits that 
packet to the gateway device 501-503. 
[0078] Tho oporatfon of tho gatoway dovico 501 -503 
that received this message. is the same as in the first 
embodiment described above. 

[0079] Referring now to Fig. 1 and Fig. 4 again, the 
fourth embodiment of a communication scheme accord- 
ing to the present invention will be described in detail. 
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[0080] In this fourth embodiment, it is assumed that 
the wire terminal 1001 connected to the wire network 
1101 is carrying out communications with the radio ter- 
minal 1802 through the gateway device 501. 
[0081] Upon recognizing a signal indicating that com- 
munications with the radio terminal 1802 are interrupt- 
ed, the radio communication state adaptation control 
unit 324 in the radio TCP unit 320 of the gateway device 
501 6ets the radio keep-alive timer (not shown). The 
time set for this timer is sufficiently shorter than the 
keep-alive timer usually utilized In the TCP layer. 
[0082] Then, when the radio keep-alive timer expires 
before a response from the radio terminal 1602 comes, 
the radio communication state adaptation control unit 
324 carries out the operation to disconnect a connection 
between the wire terminal 1001 and the radio terminal 
180Z 

[0083] When a packet from the radio terminal 1802 
comes after the radio keep-alive timer has expired, the 
radio communicalion stale adaptation control unit 324 
transmits a packet requesting the radio terminal 1802 to 
carry out the processing for disconnecting the connec- 
tion. 

[0084] In this way, it is possible to disconnect the con- 
nection within a time 6hortor than that of tho timor that 
is normally implemented by TCP so that it becomes pos- 
sible to save the resources. 

[0085] In addition, when a signal indicating that com- 
munications with the radio terminal 1602 are resumed 
is received by the radio communication state adaptation 
control unit 324 before the radio keep-alive timer ex- 
pires, the radio communication state adaptation control 
unit 324 resets the radio keep-alive timer, while trans- 
mitting a signal requesting the radio TCP output unit 322 
to reset a re-transmission timer 325 and re-transmit a 
re-transmission packet immediately. 
[0086] In this way, it is possible to realize a quick com- 
munication resuming so that it is possible to contribute 
to the throughput improvement. 
[0087] Referring now to Fig. 8. the fifth embodiment 
ol a communication scheme according to the present 
invention will be described in detail. 
[0088] Rg. a shows an exemplary configuration of a 
radio terminal device 1800 that can be used tor each 
one of the radio terminal devices 1801-1804 of Fig. 1. 
[0089] This radio terminal devbe 1800 of Fig. 8 com- 
prises a communicalion state monitoring unit 704 and a 
TCP unit 700 lhat contains a conlrol unit 701 (or control- 
ling the TCP layer, a TCP output unit 702, a TCP output 
unit 703. and a radio keep-alive timer 705. The commu- 
nication state monitoring unit 704 is monitoring whether 
a link to the base station is connected or not, and notifies 
tho monitorod stato to tho control unit 701 of tho TCP 
unit 700. 

[0090] Now. suppose that the wire term ina! 1 00 1 con- 
nected to the wire network 1101 is carrying out commu- 
nications with the radio terminal 1802 through the gate- 
way device 501 . 



[0091] When a signal indicating that communications 
with the base station 1403 are interrupted is received 
from the communication state monitoring unit 704. the 
control unit 701 in the TCP unit 700 of the radio terminal 

5 device 1802 sets the radio keep-alive timer 705. The 
time set for this timer is sufficiently shorter than the 
keep-alive timer usually utilized in the TCP layer. 
[0092] Then, when the radio keep-alive timer 705 ex- 
pires before a signal indicating that communications are 

io resumed comes from the base station 1401-1406. the 
control unit 701 carries out the operation to disconnect 
the connection with the wire terminal 1001. 
[0093] When a packet comes from the communicat- 
ing gateway device 501 via the base station 1401 -1406 
after the radio keep-alive timer 705 has expired, the con- 
trol unit 701 transmits a packet requesting the gateway 
device 501 to carry out the processing for disconnecting 
the connection. 

[0094] In this way. it Is possible to disconnect the con- 
2* nection within a lime shorter than lhat ol the timer (hat 
is normally implemented by TCP so lhat it becomes pos- 
sible to save the resources. 

[0095] In addition, when a signal indicating that com- 
munications with the base station 1401-1406 are re- 
sumod is recoived by tho control unit 701 boforo tho ra- 
dio keep-alive timer 705 expires, the control unit 701 re- 
sets the radio keep-alive timer 705. while transmitting a 
signal requesting the TCP output unit 702 to reset a re- 
transmission timer 706 and re-transmit a re-transmis- 

30 sion packet immediately. 

[0096] In this way, it is possible to realize a quick com- 
munication resuming so that it is possible to contribute 
to the throughput improvement. 
[0097] As described, according to the present inven- 

35 tion. it is possible to improve the performance of com- 
munications utilizing the transport layer connection pro- 
vided via a radio network, by enabling a control of the 
transport layer connection according to the radio com- 
munication state and property of the radio terminal, with- 

40 out changing implementation of the transport layer of a 
terminal connected to a wire network 



Claims 

45 

1. A gateway device, comprising: 

a conversion unit lor bidireclionalty converting 
a first transport layer protocol used tor commu- 

50 nications within a radio network and a second 

transport layer protocol used for communica- 
tions within a wire network, in a case of carrying 
out communications botwoon a radio terminal 
device accommodated in the radio network and 

ss a wire terminal device accommodated in the 

wire network; and 

a control unit for controlling a connection in the 
first transport layer protocol according an infor- 
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matlon regarding a radio communication state 
of the radio terminal device. 

2. The gateway device of claim 1. wherein the infor- 
mation regarding the radio communication state of * 
the radio terminal device is notified to the control 
unit from a radio base station device covering a ra- 
dio service area in which the radio terminal device 

is located. 

10 

3. The gateway device of claim 1, wherein the infor- 
mation regarding the radio communication state of 
the radio terminal device is notified to the control 
unit from a home location register for carrying out 
at least registration and management ol the radio 
terminal device. 

4. The gateway device of claim 1 , further comprising: 



5. The gateway device of claim 4. wherein the discon- 
nection unit also disconnects a connection in the 
first transport layer protocol used by the radio ter- 
minal device that was carrying out communications 
using the connection in the second transport layer 
protocol, when a packet comes from the radio ter- 
minal device after the connection in the second 
transport layer protocol is disconnected. 



a correspondence setting unit for bidirectionatly 
converting a first transport layer protocol used 
for radio communications and a second trans- 
port layer protocol used for wire communica- 
tions in a case of carrying out communications 
between the radio terminal device and the wire 
terminal device, and setting the radio terminal 
device in correspondence to one of a plurality 
of gateway devices for controlling a transport 
layer connection in the radio communications 
according toa radio communication state of the 
radio terminal device; and 
a transfer unit for receiving a packet from one 
radio base station that contains at least identi- 
fier of the radio terminal device and an informa- 
tion regarding the radio communication state of 
the radio terminal device that is located in a ra- 
dio service area of said one radio base station, 
and transferring said packet to one gateway de - 

the radio 
;e setting 



9. The radio base station device of claim 8. further 
comprising: 



a disconnection unit for disconnecting a con- 
nection in the second transport layer protocol, 
when communications with the radio terminal 
device are not resumed within a prescribed pe- 
riod of time after receiving the information re- 
garding radio communication stato of tho radio 
terminal device which contains an information 
indicating that communications with the radio 
terminal device are interrupted. 



20 



25 



30 



35 



vice that is 6el in correspondence h 
terminal device by the corresponds 
unit. 

a A radio base station device, comprising: 

a processing unit for carrying out a base station 
processing necessary in accommodating a ra- 
dio terminal device located in a radio service 
area; and 

a notification unit for notifying an information re- 
garding a radio communication state of the ra- 
dio terminal device located in the radio service 
area, to one of a router, a gateway, and a home 
location register. 



6. The gateway device of claim 1 , further comprising: 

40 

a re-transmission timer for indicating a liming 
for a packet to be re-transmitted; and 
a unit for resetting the re-transmission timer 
and immediately re-transmitting said packet to 
be re-transmitted, upon receiving the informa- 
tion regarding the radio communication state of 
the radio terminal device which contains a sig- 
nal indicating that communications with the ra- 
dio terminal device are resumed. 

so 

7. A router device, to be connected with a plurality of 
radio base station devices for accommodating a ra- 
dio tormina! dovico located within radio sorvico ar- 
eas and a wire network to which a wire terminal de- 
vice is connected, for carrying out data transfer be- ss 
tween the radio terminal device and the wire termi- 
nal device, the router device comprising: 



a correspondence setting unit for bidirectionaRy 
converting a first transport layer protocol used 
for communications within a radio network and 
a second transport layer protocol used for com- 
munications within a wire network, in a case of 
carrying out communications between a radio 
terminal device accommodated in the radio net- 
work and a wire terminal device accommodat- 
ed in the wire network, and setting the radio ter- 
minal device located in the radio service area 
in correspondence to one of a plurality of gate- 
way devices for controlling a transport layer 
connection in the radio network according to a 
radio communication state of the radio terminal 
dovico. 

10. A radio terminal device accommodated in a radio 
network, the radio terminal device comprising: 

an acquisition unit for acquiring an information 
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regarding a radio communication slate of the 
radio terminal device; and 
a disconnection unit for disconnecting a trans- 
port layer connection with a radio base station, 
when communications with the radio base sta- s 
tton are not resumed within a prescribed period 
of time after receiving the Information regarding 
the radio communication state of the radio ter- 
minal device which contains a signal indicating 
that communication with the radio base station to 
are interrupted. 

11. The radio terminal device of claim 10, wherein the 
disconnection unit also disconnects a connection 
used by a correspondent terminal when a packet ts 
comes from the correspondent terminal that was 
carrying out communication using the transport lay- 
er connection after the transport layer connection Is 
disconnected. 

20 

12, A radio terminal device accommodated in a radio 
network, the radio terminal device comprising: 

an acquisition unit for acquiring an information 
regarding a radio communication stato of tho *s 
radio terminal device; 

a re-transmission timer for indicating a timing 
for a packet to be re-transmitted; and 
a unit for resetting the re-transmission timer 
and immediately re-transmitting said packet to 30 
be re-transmitted, upon receiving the informa- 
tion regarding the radio communication state of 
the radio terminal device which contains a sig- 
nal Indicating that communications with the ra- 
dio terminal device are resumed. os 
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